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57 ABSTRACT 

A stable, Single liquid alpha-amylase assay reagent com 
prises a polysaccharide or long chain oligosaccharide Sub 
Strate for alpha-amylase having an optically detectable label 
bonded to the reducing end glucose, by a bond cleavable by 
alpha- or beta-glucosidase, and a blocking group bonded to 
the terminal end glucose. The reagent further comprises 
beta-amylase and either alpha- or beta-glucosidase. Sorbitol 
is provided in an amount of about 5% to retard degradation 
of the enzymes. Zwitterionic buffers are also provided to 
Stabilize the enzymes. In preparing the reagent, the enzymes 
and substrate are filtered through a 0.2 micron or less filter 
to remove alpha-amylase producing organisms. 

55 Claims, No Drawings 
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STABLE SINGLE LIQUID ALPHA-AMYLASE 
REAGENT 

This application is a continuation of Ser. No. 07/074.569 
filed on Jul. 17, 1987, now abandoned. 

FIELD OF THE INVENTION 

This invention relates generally to reagents for determin 
ing Serum levels of alpha-amylase and, more particularly, to 
a stables Single-liquid alpha-amylase assay reagent. 

BACKGROUND OF THE INVENTION 

Alpha-amylase is found primarily in the pancreas and 
Salivary glands. When released in the digestive tract, the 
enzyme hydrolyses Starch. Alpha-amylase determinations 
are useful in the diagnosis of diseases of the pancreas and 
parotids. Elevated Serum levels are associated with acute 
pancreatitis and other pancreatic disorders, as well as 
mumps and bacterial parotitis. Decreased Serum values may 
be found with liver diseases, Such as hepatitis and obstruc 
tive jaundice, and liver tumors or abscesses. 

Historically, methods for determining alpha-amylase in 
Serum have included Viscosimetric, turbidimetric, 
iodometric, and reductometric technology. With these 
methodologies, reaction times are long, endogenous glucose 
tends to interfere, reaction colors are unstable, and repro 
ducibility is poor. Recently, assay Systems for the determi 
nation of alpha-amylase have been developed. 

Such assay Systems for alpha-amylase typically include a 
reagent comprising a polysaccharide or oligosaccharide Sub 
Strate with a label, e.g., a chromogen unit, attached. The 
substrate is hydrolyzed by alpha-amylase to form one or two 
Smaller oligosaccharides. The reagent further comprise one 
or more enzymes which further hydrolyze the Smaller oli 
gosaccharides to free the label unit which can then be 
detected Spectrophotometrically. 

Such assay reagents enable rapid and accurate determi 
nations of alpha-amylase compared to historical methodolo 
gies. However, the Stability of Such reagents is poor. 
Consequently, assay reagents are generally Stored in a lyo 
philized State and must be reconstituted prior to use. Once 
reconstituted, the shelf life is generally only one to fourteen 
days. Moreover, Such reagents tend to give variable and 
often undesirably high background levels which adversely 
affect the consistency and accuracy of this System. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a 
Stable, Single-liquid alpha-amylase assay reagent for the 
rapid determination of alpha-amylase in biological fluids 
The assay reagent comprises an aqueous Solution Substan 
tially free of alpha-amylase and/or alpha-amylase activity 
containing at least one Substrate which is cleavable directly 
or indirectly by alpha-amylase to produce a detectable 
change in the reaction mixture. The detectable change may 
be the production or elimination of a detectable component. 
Such components may be detected by any Suitable means 
including optical, electrochemical and thermochemical 
CS. 

In a preferred embodiment of the invention, the reagent 
comprises a polysaccharide or long-chain oligosaccharide 
Substrate having a label attached at the reducing end. The 
substrate is hydrolyzable by alpha-amylase to form short 
chain oligosaccharides, at least one of which comprises the 
labels The reagent further comprises at least one eXo 
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2 
enzyme, and preferably a pair of exo-enzymes, preferably 
beta-amylase and alpha- or beta-glucosidase, which further 
hydrolyses the oligosaccharides to free the label which is 
then detectable spectrophotometrically. The rate at which the 
free label is formed provides a direct indication of the 
concentration of alpha-amylase in the biological fluid. 
The alpha-amylase reagent is made Substantially free of 

alpha-amylase by utilizing Sterile water and purified 
reagents, and by passing the exo-enzymes and Substrate, 
either individually or in combination, through a filter having 
a pore size of not more than about 0.2 micron to remove 
alpha-amylase-producing bacteria. Elimination of alpha 
amylase from the reagent eliminates the consumption of the 
Substrate during Storage and hence Stabilizes the reagent. 
The alpha-amylase assay reagent is further Stabilized by 

the inclusion of a diol or polyol which retards the degrada 
tion of the exo-enzymes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance with the present invention, there is pro 
Vided an assay reagent for determining the concentration of 
alpha-amylase in biological fluids or Sera. The assay reagent 
is a single, aqueous Solution that is stable for at least Six 
months and preferably for at least one year at about 2 to 
about 8 C. As used herein, the term “stable” means that the 
reagent maintains at least 95% recovery. For example, if the 
reagent, when first mixed, provides an alpha-amylase analy 
sis of 100 units for a particular Sample, the reagent is 
considered "stable' if, after a Select period of time, e.g. Six 
months, the reagent provides an analysis on the same Sample 
of at least 95 units, i.e., 95% of the original analysis. 
The addition of a biological fluid containing alpha 

amylase to the reagent initiates a Series of reactions resulting 
in the production of a detectable product, the rate of pro 
duction of the detectible product being directly proportional 
to the concentration of alpha-amylase in the biological fluid. 
The assay reagent comprises a Substrate which is hydro 

ly Zable by alpha-amylase, and, at least one and preferably a 
pair, of eXo-enzymes. Preferred Substrates and eXo-enzymes 
are described in U.S. Pat. No. 4,649,108, assigned Genzyme 
Corporation incorporated herein by reference. 
The Substrate is preferably a polysaccharide or, more 

preferably an oligosaccharide that is hydrolyzable by alpha 
amylase. The Substrate preferably contains at preferably an 
oligosaccharide that is hydrolyzable by least three glucose 
units. The reducing end glucose unit of the Substrate is 
bonded, by a bond which can be cleaved by alpha- or 
beta-glucosidase, to a label which exhibits an optically 
measurable change upon cleavage of the bond. The terminal 
glucose unit of the Substrate is bonded to a blocking group 
which inhibits cleavage by exo-enzymes of the bond 
between the terminal glucose unit and the adjacent glucose 
unit. 
The label is preferably a chromophores a fluorophore, a 

chemiluminescent Substituent, or a bioluminescent Substitu 
ent. Preferred labels include pnitrophenol, o-nitrophenol, 
coumarin derivatives Such as 4-methylumbel-liferone and 
luciferin. Preferably, the Substrate has eight or fewer glucose 
units and most preferably has six or seven. Preferred block 
ing Substituents are acetals or ketals, e.g., benzylidene. 
The presently preferred Substrate is p-nitrophenyl 

maltoheptaoSide in which the terminal glucose group is 
blocked to prevent Spontaneous hydrolysis and reactions 
with the exo-enzymes. This substrate is hydrolyzed by 
alpha-amylaseto formp-nitrophenylmaltotrioside, p-nitro 
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phenylmaltotetraoSide, and the blocked oligosaccharides 
maltotriose and maltotetraose. The Substrate is preferably 
present in the reagent in a quantity that is Sufficient So that 
the concentration of Substrate is not rate-limiting. A concen 
tration of about 2 mg/ml is presently preferred. 

Preferably, the assay reagent comprises a pair of eXo 
enzymes that cooperates to free the label. Preferred exo 
enzymes include beta-amylase, i.e., glucoamylase, and 
either alpha- or beta-glucosidase (depending on the nature of 
the bond between the label and the reducing end glucose) 
Once a Substrate has undergone cleavage by alpha-amylase, 
beta-amylase acts to break the Smaller oligosaccharides into 
Single glucose units. Alpha- or beta-glucosidase then acts to 
free the label from the remaining glucose unit. 

Because of the blocking group bonded to the terminal 
glucose unit of the Substrate, neither eXo-enzyme can act 
until alpha-amylase has acted. Accordingly, the eXo 
enzymes are not rate-limiting as long as they are present in 
quantities Sufficient to fully and rapidly react with the 
products of the alpha-amylase cleavage. A concentration of 
beta-amylase of about 5 KIU/L and of alpha- or beta 
glucosidase of about 12.5 KIU/L is presently preferred. 

In addition to the Substrate and the exo-enzymes, the 
assay reagent comprises a Source of calcium, e.g., calcium 
chloride, and an additional Source of chloride, e.g., Sodium 
chloride. Calcium and chloride ions are required to activate 
the enzyme alpha-amylase. The calcium chloride and 
Sodium chloride are present in Sufficient amounts that nei 
ther the concentration of calcium nor chloride ions is rate 
controlling. A calcium chloride concentration of about 5 mM 
and a Sodium chloride concentration of about 50 mM are 
presently preferred. 

In the practice of the invention, the assay reagent is 
Stabilized by a combination of techniques. First, a water 
Soluble diol or polyol is added to the reagent. Alpha- and 
beta-glucosidase have high rates of degradation Dihydric 
and polyhydric alcohols (“diols” and “polyols”). Polyols 
tend to retarded this process. Beta-amylase, while not as 
unstable as alpha- or beta-glucosidase, also undergoes deg 
radation over time. This proceSS is also retarded by diols or 
polyols. Preferred diols or polyols are selected from the 
group consisting of ethylene glycol, polyethylene glycol, 
glycerol, Sorbitol, Substituted glycols and mixtures thereof. 
The presently preferred diol or polyol is sorbitol. 

Accordingly, a dihydric or polyhydric alcohol, preferably 
Sorbitol, is maintained in the reagent in a concentration 
Sufficient to retard the degradation of the exo-enzymes 
without interfering adversely with reagent utility. While any 
presence of diol or polyol tends to retard degradation of the 
enzymes, it is preferred that the concentration of diol or 
polyol be maintained in the range of about 10 to about 300 
grams per liter, preferably about 30 to about 70 grams per 
liter, and more preferably about 50 grams per liter. Below 
about 10 grams per liter, the reagent Still exhibits poor 
stability. Above about 300 grams per liter, the reagent 
exhibits no further increase in stability, and the viscosity of 
the reagent tends to become undesirably high. 

The enzymes and Substrates are presently further Stabi 
lized by the addition of a buffer capable of maintaining the 
reagent at a pH of from about 4 to about 10 and preferably 
at a pH of from about 6.5 to about 7.5. Preferred buffers are 
Zwitterionic buffers such as 3-N-morpholine propane Sul 
fonic acid (MOPS), N-2-hydroxyethyl-piperazine-N'-2- 
ethane sulfonic acid (HEPES), tris (hydroxymethyl) methy 
laminopropane sulfonic acid (TAPS), or 3(N-tris 
(hydroxymethyl)methylamino)-2-hydroxy propane Sulfonic 
acid (TAPSO). MOPS is presently preferred. 
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4 
The Zwitterionic buffer is preferably present in the range 

of from about 0.01 to about 1.0 moles per liter, and prefer 
ably 0.05 to about 0.1 moles per liter. Concentrations of 
Zwitterionic buffers above about 0.1 molar are not preferred 
as Such concentrations tend to create an high ionic Strength 
in the reagent which tends to destabilize the enzymes. 
Concentrations below about 0.05 molar are not preferred 
because the beneficial effect of the Zwitterionic buffer is 
diminished. 

It is believed that the diol or polyol and the Zwitterionic 
bufferS retard degradation by associating with the enzymes, 
thereby preventing the association of other components 
which act on the enzymes detrimentally. It is also believed 
that the diol or polyol and/or Zwitterionic buffers also 
prevent deactivation of the enzymes by maintaining the 
effective 3-dimensional configuration of the enzyme. 

Beta-amylase and alpha- or beta-glucosidase are typically 
contaminated by microorganisms, Such as diptheroides and 
pseudomonus maltophilia, which produce alpha-amylase. 
Accordingly, in the practice of the invention, the enzymes 
beta-amylase and alpha- or beta-glucosidase, and preferably 
the Substrate are all filtered through a filter sufficiently small 
to remove the alpha-amylase-producing microorganisms 
Each enzyme may be filtered Separately, or the enzymes and 
substrates may be combined before filtration. It has been 
found that a filter having a pore size no greater than about 
0.2 microns is Sufficient to remove alpha-amylase-producing 
bacteria. 

It is understood that in addition to filtering the enzymes 
and Substrate, it is important that there be no contamination 
of alpha-amylase-producing bacteria from other Sources, 
Such as the water or equipment used in preparing the reagent 
Hence, the equipment used must be sterile, e.g., autoclaved, 
and the water used in the reagent is distilled water or water 
which has been boiled. 

While filtering of the enzymes removes substantially all 
of the alpha-amylase producing bacteria, it is still preferred 
to incorporate into the reagent one or more antimicrobial 
agents, i.e. agents toxic to microbial contaminants or at least 
capable of inhibiting or retarding microbial growths. Such 
agents include cetyltrimethylammonium (CTMA) bromide, 
cobalt complexes such as IC(NH) (HO)Cl] SO and 
C((OH) C(NH)) (SO), 4H2O, oyster glycogen, 
macrodextrin, bactrim, Sodium azide, thimerosal, and 
Sodium dodecyl sulfate. The presently preferred antibiotic 
agents include cetyltrimethylammonium (CTMA) bromide 
in a concentration of about 0.001%, bactrim in an amount of 
about 0.075 mg/ml, and sodium azide in an amount of about 
one gram per liter. 

In preparing the reagent, all of the components can be 
mixed together in a batch mixing process. However, because 
of the high expense of the enzymes and Substrate, it is 
preferred to initially prepare Stock Solutions of the buffer, an 
enzyme concentrate and a Substrate. 

For large-scale production, preparation of Separate Stock 
buffer Solution, enzyme concentration, and Substrate con 
centrate enables mixing of Small quantities of the component 
Solutions and testing for contamination before mixing the 
entire Stock of enzyme and SubStrate concentrates with the 
buffer Solution. 

EXAMPLE 

A Stable, Single-liquid alpha-amylase reagent was pre 
pared by first preparing a buffer Solution, an enzyme 
concentrate, and a Substrate concentrate. 
The buffer solution was prepared by adding 1.0 liter of 

Sterile, e.g., distilled, water to a Sterile, e.g., autoclaved, 



5,910,422 
S 

stainless steel compounding container. 10.460 grams MOPS 
was then added to the water. The pH was measured and, if 
needed, was adjusted to 7.0+0.03 with 4.0 M Sodium 
hydroxide While mixing, the following components were 
added: 0.740 grams of the disodium salt of EDTA, 1.030 
grams calcium chloride; 2.920 grams sodium chloride; 50.0 
grams Sorbitol (purified); 1.0 grams Sodium azide, 2.50 ml 
Bactrim solution (in DMSO); and 1.0 ml 1% CTMA bro 
mide. The mixture was Stirred for ten minutes, and then the 
pH was measured. If needed, the pH is adjusted to 7.0+/ 
+0.03 with 4M sodium hydroxide or 6 M hydrochloric acid. 
The buffer solution is then filtered through an autoclaved 0.2 
micron filter into 100 ml reagent bottles which were steril 
ized with ethylene oxide. 

The enzyme concentrate was prepared by introducing 
0.9660 liter of sterile water into a sterile stainless steel 
container. 10.460 grams MOPS was then added to the water. 
The pH was measured and adjusted to 7.0+++0.03 with 4M 
Sodium hydroxide. While mixing, the following components 
were added: 0.742 disodium EDTA, 1.030 grams calcium 
chloride; 2.920 grams sodium chloride; 50.0 grams sorbitol 
(purified); 1.0 gram sodium azide; 2.50 ml bactrim solution 
(in DMSO); and 1.0 ml 1% CTMAbromide. To this solution 
was added, without mixing, 2500.0 KIU maltase (alpha 
glucosidase) and 1000.0 KIU glucoamylase (beta-amylase) 
Once the enzymes were dissolved, the mixture was stirred 
gently for 10 minutes and then filtered through an auto 
claved 0.2 micron filter into an autoclaved pipettor. The 
filtered solution was stored at 2-8 C. for 24 hours before 
using. 

The Substrate concentrate was prepared in the same 
manner as the enzyme concentrate except that, instead of the 
enzymes, 200.0 grams p-nitrophenylmaltoheptaoside was 
added and mixed slowly to dissolve and then stirred for 15 
minutes The Substrate concentrate was then filtered through 
an autoclaved 0.2 micron filter into an autoclaved pipettor. 
The alpha-amylase reagent was then prepared by 

dispensing, under aseptic conditions, 1.0 ml of the enzyme 
concentrate and 1.0 ml of the Substrate concentrate into the 
100 ml reagent bottles containing buffer solution. 
The preceding description has been presented with refer 

ence to present preferred embodiments of the invention. 
Workers skilled in the art and technology to which this 
invention pertains will appreciate that alterations and 
changes in the described composition and procedures can be 
practiced without meaningfully departing from the principle 
Spirit and Scope of the invention. 

Accordingly, the foregoing description should not be read 
as pertaining only to the precise compositions and proce 
dures described, but rather should be read consistent with 
and as Support for the following claims which are to have 
their fullest fair scope. 
What is claimed is: 
1. A Single liquid alpha-amylase reagent composition 

comprising an aqueous Solution which is Substantially free 
of alpha-amylase producing microorganisms which com 
prises: 

at least one substrate which is hydrolyzed when mixed 
with a Sample of body fluid containing alpha-amylase 
to yield directly or indirectly by a reaction involving 
alpha-amylase to form a detectable label released to the 
reaction mixture, the rate of formation of Said detect 
able label to the reaction mixture being proportional to 
the amount of alpha-amylase present in the Sample and 
at least one exo-enzyme to cooperate with the alpha 
amylase in the formation of the detectable label; and 
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6 
a compound Selected from the group consisting of diols 

and polyols present in an amount Sufficient to Stabilize 
the exo-enzymes, Said Substrate being present in a 
concentration Sufficient to prevent the Substrate from 
limiting the rate of hydrolysis thereof, said reagent 
composition being Stable against Substrate and enzyme 
degradation for at least 6 months at 2 to 8 C. 

2. An alpha-amylase assay reagent according to claim 1 
wherein the Substrate comprises an optically detectable label 
cleavable directly or indirectly by alpha-amylase. 

3. An alpha-amylase assay reagent according to claim 1 
further comprising at least one enzyme and wherein the 
Substrate reacts with alpha-amylase to produce a product 
which then reacts with the, enzyme to produce a detectable 
change in the reaction mixture. 

4. A Single liquid alpha-amylase reagent according to 
claim 1, wherein the compound is Selected from the group 
consisting of diol and polyol is Selected from the group 
consisting of ethylene glycol, polyethylene glycol, Sorbitol, 
Substituted glycols and mixtures thereof. 

5. A Single liquid alpha-amylase reagent comprising an 
aqueous Solution Substantially free of alpha-amylase which 
comprises: 

a Substrate Selected from the group consisting of polysac 
charides and oligosaccharides, which Substrate is 
hydrolyzable by alpha-amylase and having an optically 
detectable label, bonded to the Substrate which is 
cleavable by alpha-glucosidase or beta-glucosidase, to 
the reducing end glucose of the Substrate and a block 
ing group bonded to the terminable end glucose of the 
Substrate, Said alpha-amylase releasing the group from 
Substrate label at a rate proportional to alpha-amylase 
concentration in a Sample to enable formation of the 
label, Said Substrate present in a quantity Sufficient not 
to limit the rate of hydrolysis; 

an exo-enzyme capable of cleaving the bond between the 
label and the reducing end glucose of the Substrate 
Selected from the group consisting of alpha-glucosidase 
and beta-glucosidase; and 

a compound Selected from the group consisting of diols 
and polyols present in an amount Sufficient to retard the 
degradation of the enzymes in the reagent Said alpha 
amylase reagent being Stable for at least six months at 
2 to 8° C. 

6. An alpha-amylase reagent according to claim 5 wherein 
the diol or polyol is Selected from the group consisting of 
ethylene glycol, polyethylene glycol, Sorbitol, and mixtures 
thereof. 

7. An alpha-amylase assay reagent according to claim 5 
wherein the diol or polyol is present in an amount of from 
about 10 to about 300 grams per liter of the reagent. 

8. An alpha-amylase assay reagent according to claim 7 
wherein the diol or polyol is present in an amount of about 
30 to about 70 grams per liter of the reagent. 

9. An alpha-amylase assay reagent according to claim 5 
further comprising at least one buffer capable of maintaining 
the reagent at a pH of from about 4 to about 10. 

10. An alpha-amylase assay reagent according to claim 9 
wherein the buffer maintains the reagent at a pH of from 
about 6.5 to about 7.5. 

11. An alpha-amylase assay reagent according to claim 9 
wherein the buffer is a Zwitterionic buffer capable of sta 
blizing at least one of the enzymes of the reagent. 

12. An alpha-amylase assay reagent according to claim 11 
wherein the Zwitterionic buffer is present in an concentration 
of from about 0.01 to about 1.0 moles per liter. 

13. An alpha-amylase assay reagent according to claim 11 
wherein the Zwitterionic buffer is selected from the group 
consisting of MOPS, HEPES, TAPS, TAPSO and mixtures 
thereof. 
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14. An alpha-amylase assay reagent according to claim 13 
wherein the Zwitterionic buffer is MOPS. 

15. An alpha-amylase assay reagent according to claim 5 
wherein at least the enzymes have been passed through a 
filter having a pore size Sufficiently Small to retain Substan 
tially all alpha-amylase producing microorganisms. 

16. An alpha-amylase assay reagent according to claim 15 
wherein the filter has a pore size of no more than about 0.2 
micron. 

17. An alpha-amylase assay reagent according to claim 5 
wherein the enzymes and the Substrate have been passed 
through a filter having a pore size Sufficiently Small to retain 
Substantially all alpha-amylase producing microorganisms. 

18. An alpha-amylase assay reagent according to claim 17 
wherein the filter has a pore size of no more than about 0.2 
microns. 

19. An alpha-amylase assay reagent according to claim 5 
further comprising at least one antimicrobial agent. 

20. An alpha-amylase assay reagent according to claim 19 
wherein the antimicrobial agent is Selected from the group 
consisting of CTMA bromide, bactrim, Sodium azide, and 
mixtures thereof. 

21. A method for preparing a stable, Single liquid alpha 
amylase assay reagent comprising: 

introducing at least one buffer into Sterile water to provide 
a buffer solution having a pH of about 6.5 to about 7.5; 

introducing into the buffer Solution a polysaccharide or 
oligosaccharide Substrate for alpha-amylase having an 
optically detectable label bonded, by a bond cleavable 
by alpha-glucosidase or beta-glucosidase, and a block 
ing group bonded to each terminal end glucose of the 
Substrate; 

beta-amylase; 
an exo-enzyme capable of cleaving the bond between the 

label and the Substrate Selected from the group con 
Sisting of alpha-glucosidase and beta-glucosidase, and 

at least one diol or polyol present in an amount Sufficient 
to retard the degradation of the enzymes in the reagent; 
and 

passing the Substrate and enzyme containing Solution 
through a filter having a pore size Sufficiently Small to 
remove Substantially all alpha-amylase producing 
microorganisms. 

22. A method according to claim 21 wherein the diol or 
polyol is introduced in an amount of from about 10 to about 
300 grams per liter of the buffer solution. 

23. A method according to claim 22 wherein the diol or 
polyol is introduced in an amount of about 30 to about 70 
grams per liter of the buffer Solution. 

24. A method according to claim 21 wherein the buffer is 
Zwitterionic buffer capable of stabilizing at least one of the 
enzymes of the reagent. 

25. A method according to claim 24 wherein the Zwitte 
rionic buffer is introduced in a concentration of from about 
0.01 to about 1.0 moles per liter. 

26. A method according to claim 24 wherein the Zwitte 
rionic buffer is selected from the group consisting of MOPS, 
HEPES, TAPS, TAPSO and mixtures thereof. 

27. A method according to claim 25 wherein the Zwitte 
rionic buffer is MOPS. 

28. A method according to claim 21 further comprising 
introducing into the buffer Solution at least one antimicrobial 
agent. 

29. A method according to claim 28 wherein the antimi 
crobial agent is Selected from the group consisting of CTMA 
bromide, bactrim, Sodium azide, and mixtures thereof. 

1O 
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30. A method for preparing a stable, Single liquid alpha 

amylase assay reagent comprising: 
preparing a buffer Solution having a pH of from about 6.5 

to about 7.5 comprising at least one buffering agent and 
Sorbitol; 

introducing into a first portion of the buffer solution 
polysaccharide or oligosaccharide Substrate for alpha 
amylase having an optically detectable label bonded, 
by a bond cleavable by alpha-glucosidase or beta 
glucosidase, to the reducing end glucose of the Sub 
Strate and a blocking group bonded to the terminal end 
glucose of the Substrate; 

introducing into a Second portion of the buffer Solution 
beta-amylase and an exo-enzyme capable of cleaving 
the bond between the label and the reducing and 
glucose of the Substrate Selected from the group con 
Sisting of alpha-glucosidase and beta-glucosidase; and 

filtering each of the first and second portions of the buffer 
Solution through a filter having a pore size of no greater 
than about 0.2 microns, and 

mixing the first and Second portions of the buffer Solution. 
31. A method according to claim 30 wherein Sorbitol is 

present in an amount of from about 10 to about 300 grams 
per liter of the buffer solution. 

32. A method according to claim 30 wherein Sorbitol is 
present in an amount of from about 30 to about 70 grams per 
liter of the reagent. 

33. A method according to claim 30 wherein the buffer is 
a Zwitterionic buffering agent capable of Stabilizing at least 
one of the enzymes of the reagent. 

34. A method according to claim 33 wherein the Zwitte 
rionic buffering agent is present in a concentration of from 
about 0.01 to about 1.0 moles per liter. 

35. A method according to claim 33 wherein the Zwitte 
rionic buffer is selected from the group consisting of MOPS, 
HEPES, TAPS, TAPSO and mixtures thereof. 

36. A method according to claim 35 wherein the Zwitte 
rionic buffering agent is MOPS. 

37. A method according to claim 36 wherein the antimi 
crobial agent is Selected from the group consisting of CTMA 
bromide, bactrim, Sodium azide, and mixtures thereof. 

38. A method according to claim 30 wherein the buffer 
Solution further comprises at least one antimicrobial agent. 

39. A Stable, Single liquid alpha-amylase reagent com 
prising an aqueous Solution Substantially free of alpha 
amylase producing microorganisms which comprises: 

a polysaccharide or oligosaccharide Substrate hydrolyZ 
able by alpha-amylase and having an optically detect 
able label bonded, by a bond cleavable by alpha 
glucosidase or beta-glucosidase, to the reducing end 
glucose of the Substrate and a blocking group bonded to 
the terminal end glucose of the Substrate, Said Substrate 
being present in a concentration of at least 2 mg/ml of 
reagent and hydrolyzed in the presence of alpha 
amylase to yield the label at a rate proportional to the 
concentration of alpha-amylase in a biological fluid, 

beta-amylase in a concentration of about 5 KIU/L; 
an exo-enzyme capable of cleaving the bond between the 

label and the reducing end glucose of the Substrate 
Selected from the group consisting of alpha-glucosidase 
and beta-glusidase, Said eXo-enzymes being present in 
a concentration of about 12.5 KIU/L, 

a polyol present in an amount of from about 10 to 300 
grams per liter and Sufficient calcium chloride in a 
concentration of about 5 mM and to retard Said reagent 
buffered by a Zwitterionic buffer to a pH of from about 
4 to about 10 and being stable for at least 6 months at 
2 to 8° C. 
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40. An alpha-amylase assay reagent according to claim 39 
wherein the polyol is sorbitol. 

41. An alpha-amylase assay reagent according to claim 40 
wherein the Sorbitol is present in an amount of about 30 to 
70 grams per liter of the reagent. 

42. An alpha-amylase assay reagent according to claim 41 
in which the buffer maintains the reagent at a pH of from 
about 6.5 to about 7.5. 

43. An alpha-amylase assay reagent according to claim 42 
the Substrate is p-nitrophenylmaltoheptaoSide. 

44. An alpha-amylase assay reagent according to claim 42 
wherein the enzymes and the Substrate have been passed 
through a filter having a pore Size no more than about 0.2 
micron and Sufficiently Small to retain Substantially all 
alpha-amylase producing microorganisms. 

45. An alpha-amylase assay reagent according to claim 44 
further comprising at least one antimicrobial agent. 

46. An alpha-amylase assay reagent according to claim 45 
wherein the antimicrobial agent is Selected from the group 
consisting of CTMA bromide, bactrim, Sodium azide, and 
mixtures thereof. 

47. An alpha-amylase assay reagent according to claim 39 
wherein the polyol is present in an amount of about 30 to 
about 70 grams per liter of the reagent. 

48. An alpha-amylase assay reagent according to claim 39 
wherein the Zwitterionic buffer is present in an concentration 
of from about 0.01 to about 1.0 moles per liter. 
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49. An alpha-amylase assay reagent according to claim 45 

wherein the Zwitterionic buffer is selected from the group 
consisting of MOPS, HEPES, TAPS, TAPSO and mixtures 
thereof. 

50. An alpha-amylase assay report reagent according to 
claim 39 wherein the Zwitterionic buffer is selected from the 
group consisting of MOPS, HEPES, TAPS, TAPSO and 
mixtures thereof. 

51. An alpha-amylase assay reagent according to claim 39 
wherein the Substrate is p-nitrophenylmaltoheptaoSide. 

52. An alpha-amylase assay reagent according to claim 39 
wherein at least the enzymes have been passed through a 
filter having a pore size Sufficiently Small to retain Substan 
tially all alpha-amylase producing microorganisms. 

53. An alpha-amylase assay reagent according to claim 52 
wherein the filter has a pore size of no more than about 0.2 
micron. 

54. An alpha-amylase assay reagent according to claim 39 
further comprising at least one antimicrobial agent. 

55. An alpha-amylase assay reagent according to claim 54 
wherein the antimicrobial agent is Selected from the group 
consisting of CTMA bromide, bactrium, Sodium azide, and 
mixtures thereof. 


